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Abstract
We suggest that a major fraction of binary neutron star and black hole - neutron star
mergers, which might provide gravitational wave signal detectable by LIGO/VIRGO, emerged
from the hidden mirror sector. Mirror particles do not interact with an ordinary observer
except gravitationally, which is the reason why no electromagnetic signals accompanying
gravitational waves from mergers with components composed of mirror matter are expected.
Therefore, if the dark matter budget of the universe is mostly contributed by the mirror
particles, we predict that only about one binary neutron star (neutron star - black hole)
merger out of ten detectable by LIGO/VIRGO could be accompanied by a gamma ray burst.
It seems the list of candidate events recorded by LIGO/VIRGO during third observational
run supports our predictions.
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In their first two observational runs (O1 and O2) the Advanced LIGO/VIRGO detectors have
discovered 10 gravitational wave signals coming from binary black hole (BBH) mergers as well as
one signal generated by a binary neutron star (BNS) coalescence event [1].
The BNS merger was the first ever detected multi-messenger event captured in gravitational
waves and gamma rays (electromagnetic radiation) detected by Fermi telescope as a short gamma
ray burst (sGRB) [2]. However, none of the 10 BBH events were accompanied by electromagnetic
counterpart [3,4]. That is why, it was suggested that these 10 BBHs were isolated binaries, formed
through common-envelope [5], or via chemically homogeneous evolution [6]. Some dynamical
processes in dense stellar clusters were also considered to be responsible for forming these heavy
BBHs [7]. All these mechanisms suggested BBH could merge at rate
R
BBH
theor ∼ 5− 10 Gpc
−3 yr−1 , (1)
which is hardly overlapped from bellow with the range estimated by LIGO/VIRGO using their
first two runs results [1]
R
BBH
LIGO = 9.7− 101 Gpc
−3yr−1 . (2)
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Some models [8,9] give higher mergers rate (R ∼ 200 Gpc−3yr−1) on the price of lower metallicity
in composition of progenitor stars.
Recently, it has been proposed that non-observation of electromagnetic counterparts of BBH
mergers is due to the fact that these BBHs emerge from the mirror world as results of evolution
of systems of binary starts made out of mirror matter [10, 11]. Mirror world restores left-right
symmetry of nature, suggesting that each ordinary Standard Model particle has its mirror partner
with opposite chirality (for the review of mirror world theory see [12]). Only possibility for an
interaction (communication) between ordinary and mirror worlds is gravity. Thus, mirror particles
are invisible for ordinary observer (and vice versa), while gravitational waves pass through between
mirror and ordinary word and hence can be detected.
Cosmological evolution of mirror world is not identical to the ordinary one, as it must have
had a lower reheating temperature [13]. Later implies that cosmological abundance of helium in
mirror world is considered to be higher, so that mirror stars are formed to be more massive and
evolve faster in comparison with the stars formed in ordinary world [14]. Since certain leptogenesis
mechanisms [15] can naturally provide the baryon number density in mirror world ≃ 5 times the
baryon number density of ordinary baryons,
Ω′b
Ωb
≈ 5 , (3)
the mirror matter could explain the dark matter content of the universe.
Taking into account the characteristics of mirror world described above and adopting the theo-
retical predictions of the BBH merger rate from different models (1), in [10,11] we estimated that
the rate of mirror BBH mergers should be amplified by factor 10−15 with respect to (1) and reads
R
BBH
mirror ∼ 50− 100 Gpc
−3yr−1 , (4)
which is well within interval (2) estimated from LIGO/VIRGO measurements.
In current paper we want to extend the mirror world scenario [10, 11] of emerging of BBH on
the neutron stars (NS) and estimate BNS and BH-NS coalescence rates.
BNS system can be formed through a common-envelope stage, similar to BBHs, in the case when
masses of the component stars are not enough to form BHs [16]. Following the same mechanism,
for a certain configuration of binary star masses, the system can end up also in a BH-NS binary.
Moreover, formation of BNS and BH-NS systems can go on in a dense clusters too. In order to
merge within the age of the universe (Hubble time), initial separation of canonical BNS system
must be less than five solar radius, . 5R⊙, in case the inspiral is dominated by irradiation of
gravitational waves [16].
Let us address to short gamma ray burst (sGRB) phenomena which are believed to be prompt
electromagnetic signals produced by BNS and BH-NS mergers [16]. sGRBs are called the GRBs
with duration less than 2 seconds detected at the Earth orbit at rate 1109+1432
−657 Gpc
−3yr−1 [17].
From the other side, BNS merging rate can be estimated using gravitational waves signals. Indeed,
from the measurements by first two runs of LIGO/VIRGO detectors one can obtain [1]
R
BNS
LIGO = 110− 3840 Gpc
−3yr−1 (5)
for BNS mergers and also set an upper limit on BH-NS mergers rate, which reads
R
BH−NS
LIGO
< 610 Gpc−3yr−1 . (6)
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While the BBH mergers without electromagnetic counterparts can be explained assuming that
their progenitor stars composed isolated binaries, so that the BHs could not accrete baryonic
matter at the time of coalesce, BNS mergers always must be accompanied by jets of prompt
electromagnetic radiation. In general, detectability of such jets depends on their orientations
with respect to the line of sight from the Earth. The value of half-opening angle θj of prompt
electromagnetic jets emitted by BNS merger is highly speculative. Some theories argue that θj is
small and only 1 out of 8 NS mergers can spot the Earth within the jet angle [16]. In other models
half-opening angle is calculated to be θ = (16 ± 10)◦ (if one assumes a realistic maximum value
θmax = 30
◦) [18], that increases multi-messenger event rate significantly, as the mergers occur very
far and the Earth will always fall within the jet open angle. Later implies that every gravitational
wave signal from BNS should be accompanied by a prompt sGRB.
Data processing of the third observational run (O3) of Advanced LIGO/VIRGO detectors is
currently under way and a list of candidate events is available online [19]. By the time of writing of
this article several BNS and BH-NS candidate events with probability > 99% have been detected.
However, still no one electromagnetic counterpart has been reported. Reason for that, of course,
could be a misalignment of the jets with the line of sights. Nevertheless, we want to suggest that
these sGRB-less BNS and BH-NS systems are formed from stars made out of mirror matter.
Following the arguments of [10, 11], one can estimate amplification of binary system mergers
rate using the formula [20]
R =
1
2
ǫ
∫
P (τ)N˙NS dτ , (7)
with ǫ being dimensionless efficiency coefficient, P (τ) the delay time and N˙NS the NS birthrate
density which reads
N˙NS ∼ NNS SFR(z) . (8)
Here NNS is number density of NSs. Usually, it is assumed that NNS is proportional to the total
number of stars N(m) in the galaxy of mass m,
NNS ∼ N(m) =
m∫
Mξ(M) dM
, (9)
where ξ(M) is a stellar initial mass function that should be integrated in the interval 5 M⊙ <
M < 25 M⊙ to give a NS as a final product. SFR(z) in equation (8) is star formation rate which
is usually adopted from the best-fit-function of experimental data [21], peaking at z ∼ 1.9 that
corresponds to the lookback time t ∼ 10.3 Gyr.
We assume that mirror world explains the total amount of the dark matter, i.e. according to
(3) the mirror matter contributes into the total density of the universe 5 times more than the
ordinary baryons. This implies that the peak of SFR is shifted to the earlier time as a consequence
of lower temperature of the mirror world. Also, the mirror helium in hidden sector is produced
with higher abundance [10]. Thus, based on arguments of [10, 11], we can expect about 10 times
more BNS and BH-NS binary systems in mirror world with respect to that of ordinary world, so
that the merging rates (5) and (6) are amplified by the same factor ∼ 10.
The uncertainties of calculated merging rates (5) and (6) are large, namely they span over
more than one order of magnitude. So almost any sane theoretical estimate can be well reconciled
with the results of first two runs of LIGO/VIRGO on BNS or BH-NS coalescence rates. Upcoming
results from O3 run will shrink the allowed intervals making models which rely on predictions of
rates more falsifiable. However, in our scenario, we can predict with a confidence that most of the
3
detected gravitational wave events will not have electromagnetic counterparts. More precisely, we
foresee that roughly only one out of ten BNS mergers will be detected as a multi-messenger event
to be seen in both gravitational waves and gamma rays (electromagnetic radiation).
This forecast can be stated in another way, namely, the BNS mergers rate derived from the
measurements of gravitational waves signals will be ∼ 10 times higher than that one obtained from
sGRB data. The same arguments are valued for BH-NS mergers, although the mass ratio of the
components of such binary systems as well as configuration of angular parameters can play more
critical role for such kind of estimations.
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